Archaeological experiments in fire-setting : protocol, fuel and anthracological approach by Py, Vanessa & Ancel, Bruno
Archaeological experiments in fire-setting : protocol,
fuel and anthracological approach
Vanessa Py, Bruno Ancel
To cite this version:
Vanessa Py, Bruno Ancel. Archaeological experiments in fire-setting : protocol, fuel and an-
thracological approach. BAR International Series S, 2006, pp.71-82. <halshs-00780741>
HAL Id: halshs-00780741
https://halshs.archives-ouvertes.fr/halshs-00780741
Submitted on 28 Jan 2013
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.

$%675$&7)URP¿UHVHWWLQJH[SHULPHQWVKDYHEHHQXQGHUWDNHQHDFKZLQWHULQWKH)RXUQHOVLOYHUPLQHVDW/¶$UJHQWLqUHOD%HVVpH
+DXWHV$OSHV)UDQFH7KHREMHFWLYHLVWRZRUNWKURXJKWKLV³SURFHVV´WRUHGLVFRYHUWHFKQLFDONQRZKRZHYDOXDWHWKHFRPELQHGUROH
RIWKH¿UH¶VLQWULQVLFIXHODQGH[WHULRUYHQWLODWLRQS\UHDUFKLWHFWXUHIDFWRUVDQGSRWHQWLDOUHVXOWV%H\RQGWKHVWULFWHQYLURQPHQWDO
DVSHFWV WKLVSURFHVVKLJKOLJKWVPHWKRGVRI IXHOPDQDJHPHQW¿UHSUDFWLFH DQGNQRZKRZ IURP WKH IRUHVW WR WKHPLQH7KHS\UHV
DUHVHWDJDLQVWDKDUGQDWLYHTXDUW]LWHZDOOLQRUGHUWRSLHUFHDJDOOHU\PKLJKDQGPZLGHIROORZLQJWKHREVHUYHGPHGLHYDO
QHWZRUN$VWKHDUFKDHRORJLFDODQWKUDFRORJLFDODQDO\VHVVXJJHVWWKHDYDLODEOHWLPEHUVSHFLHVDUH3LQXVW\SH3V\OYHVWULV/DUL[3LFHD
DQGWRDOHVVHUGHJUHH$ELHVVS7KHSULQFLSDOSDUDPHWHUVDUHV\VWHPDWLFDOO\PHDVXUHGDQGREVHUYHGWLPEHUZHLJKWK\JURPHWU\VL]H
RIORJVS\UHPDNHXSVHWDJDLQVWWKHTXDUW]ZDOOLQWRZHUIRUPODLGKRUL]RQWDOO\¿UHG\QDPLFVDQGVXUURXQGLQJWHPSHUDWXUHV7KH
ZRUNIDFHDGYDQFHLVHYDOXDWHGDQGPHDVXUHG5RFNDQGFKDUFRDOUHVLGXHVDUHPHDVXUHGJUDQXORPHWULFDOO\DQGREVHUYHGPDFURDQG
PLFURVFRSLFDOO\7KHDQWKUDFRORJ\FRQVWLWXWHVDFDWDORJXHRIDQDWRPLFGHIRUPDWLRQVLQWKLVVSHFL¿FFRQWH[W7KHTXHVWLRQLVWRGH¿QH
WKHYDULDEOHVSURGXFLQJVWLJPDWDLQRUGHUWRRSHQXSVWXG\SHUVSHFWLYHVRQWKHIXHORSHUDWLQJFKDLQ7KLVFRPPXQLFDWLRQH[DPLQHV
WKHSUHOLPLQDU\VWXGLHVFDUULHGRXWGXULQJDPDVWHUGHJUHHWKHVLVDQGGXULQJVFKHGXOHGDUFKDHRORJLFDOH[FDYDWLRQV
.(<:25'60LQLQJ)LUHVHWWLQJ7HFKQLTXHV)XHO0DQDJHPHQW&KDUFRDO$QDWRPLFDO6LJQDWXUHV
5e680e'HSXLVGHVH[SpULPHQWDWLRQVGHWDLOOHDXIHXVRQWPHQpHVFKDTXHKLYHUGDQVOHVDQFLHQQHVPLQHVGHSORPEDUJHQWLIqUH
GX)RXUQHOj/¶$UJHQWLqUH/D%HVVpH+DXWHV$OSHV)UDQFH/¶REMHFWLIHVWGHSUDWLTXHUFHWRXWLOSRXUUHWURXYHUGHVJHVWHVWHFKQLTXHV
pYDOXHU OH U{OH FRPELQp GHV IDFWHXUV LQWULQVqTXHV DX IHX FRPEXVWLEOH HW H[WULQVqTXHV YHQWLODWLRQ DUFKLWHFWXUH GX EFKHU HW OHV
UHQGHPHQWVSRWHQWLHOV$XGHOjG¶XQDVSHFW VWULFWHPHQW HQYLURQQHPHQWDO FHWWH HQWUHSULVH WHQGj FDUDFWpULVHUGHVPRGHVGHJHVWLRQ
GXFRPEXVWLEOHGHVSUDWLTXHVHWXQVDYRLUIDLUHGXIHXGHODIRUrWjODPLQH/HVDWWDTXHVVRQWPHQpHVFRQWUHXQHSDURLGHTXDUW]LWHV
QRQDOWpUpHVHWWUqVGXUHVSRXUSHUFHUXQHJDOHULHHQWUDYHUVEDQFKDXWHGHPHWODUJHGHPjO¶LPDJHGHVSRUWLRQVREVHUYpHV
GDQV OH UpVHDX PpGLpYDO &RPPH OH VXJJqUHQW OHV DQDO\VHV DQWKUDFRORJLTXHV DUFKpRORJLTXHV OHV HVVHQFHV VROOLFLWpHV GLVSRQLEOHV
VRQW3LQXVW\SH3V\OYHVWULV/DUL[3LFHDHWGDQVXQHPRLQGUHPHVXUH$ELHVVS/HVSULQFLSDX[SDUDPqWUHVIRQWO¶REMHWGHPHVXUHVHW
G¶REVHUYDWLRQVV\VWpPDWLTXHVSRLGVGXERLVK\JURPpWULHJDEDULWGHVEFKHVFRQIHFWLRQGXEFKHUDGRVVpFRQWUHODSDURLHQWRXU
FRXFKpG\QDPLTXHGXIHXHWWHPSpUDWXUHVDPELDQWHV/¶DYDQFHPHQWGXIURQWGHWDLOOHHVWpYDOXpHWPHVXUp/HVUpVLGXVGHURFKHHWOHV
FKDUERQVIRQWO¶REMHWGHPHVXUHVJUDQXORPpWULTXHVHWG¶REVHUYDWLRQVPDFURHWPLFURVFRSLTXHV/¶DQWKUDFRORJLHSHUPHWGHFRQVWLWXHU
XQFDWDORJXHGHGpIRUPDWLRQVDQDWRPLTXHVGDQVFHFRQWH[WHVSpFL¿TXH,OV¶DJLWGHGp¿QLUODRXOHVYDULDEOHVjO¶RULJLQHGHVVWLJPDWHV
SRXURXYULUGHVSHUVSHFWLYHVG¶pWXGHVVXUODFKDvQHRSpUDWRLUHGXFRPEXVWLEOH&HWDUWLFOHIDLWpWDWGHVUHFKHUFKHVSUpOLPLQDLUHVPHQpHV
GDQVOHFDGUHG¶XQ'LSO{PHG¶(WXGHV$SSURIRQGLHVHWG¶XQHIRXLOOHDUFKpRORJLTXHSURJUDPPpH
0276&/eH[SORLWDWLRQPLQLqUHDEDWWDJHDXIHXSUDWLTXHVJHVWLRQGXFRPEXVWLEOHFKDUERQVGHERLVVLJQDWXUHVDQDWRPLTXHV
=86$00(1)$6681*6HLWZHUGHQ MlKUOLFK LP:LQWHU9HUVXFKH]XP$EEDXHU]IKUHQGHQ*HVWHLQVGXUFK)HXHUVHW]HQ LQGHQ
6LOEHUPLQHQGHV)RXUQHOLQ/¶$UJHQWLqUH/D%HVVpH+DXWHV$OSHV)UDQFHGXUFKJHIKUW=LHOLVWGLH7HFKQLNHQGLHVHV9HUIDKUHQV]X
UHNRQVWUXLHUHQXQGKLHUPLWGLHMHZHLOLJH:LUNXQJVWRIIHLJHQHU)DNWRUHQ%UHQQVWRIIXQGlXHUHU(LQÀVVH%HOIWXQJ6FKLFKWXQJGHV
%UHQQKRO]HVVRZLHGLH$EEDXOHLVWXQJHLQ]XVFKlW]HQhEHUGLH)UDJHGHU8PZHOWKLQDXVEHIDWVLFKGLH6WXGLHPLWGHU2UJDQLVDWLRQ
GHU9HUZHUWXQJGHV%UHQQPDWHULDOVGHQ3UDNWLNHQVRZLHGHQ.HQQWQLVVHQGHV)HXHUVHW]HQVGHU+RO]ZLUWVFKDIWXQGGHV%HUJEDXV
'HU$EEDXGHVXQYHUZLWWHUWHQVHKUKDUWHQ4XDU]LWJHVWHLQVEHJLQQWDQGHU)HOVZDQGXQGWUHLEWLQGLHVHHLQHQPKRKHQXQGP
EUHLWHQ6WROOHQYRUQDFKGHP9RUELOGGHUYRU2UWYRUJHIXQGHQHQPLWWHODOWHUOLFKHQ6\VWHPH1DFK0DJDEHGHUDQWKUDNRORJLVFKHQ
9$1(66$3<
006+/DERUDWRLUHG¶$UFKpRORJLH0pGLpYDOH0pGLWHUUDQpHQQH805&156
8QLYHUVLWpGH3URYHQFH$L[0DUVHLOOH,
UXHGX&KkWHDXGHO¶+RUORJH%3)$L[HQ3URYHQFHFHGH[)UDQFH
S\#PPVKXQLYDL[IU
$5&+$(2/2*,&$/(;3(5,0(176,1),5(6(77,1*
35272&2/)8(/$1'$17+5$&2/2*,&$/$3352$&+
%5812$1&(/
&&67,GX&KkWHDX6W-HDQ
+{WHOGH9LOOH)/¶$UJHQWLqUH/D%HVVpH
EUDQFHO#ZDQDGRRIU
93<DQG%$1&(/

$UFKDHRORJLFDO([SHULPHQWVLQ)LUHVHWWLQJ3URWRFRO)XHODQG$QWKUDFRORJLFDO$SSURDFK

,1752'8&7,21
:KHQWKHZDOOURFNZDVSDUWLFXODUO\KDUGILUHVHWWLQJZDV
WKHPRVWZLGHVSUHDGWHFKQLTXHLQWKH0LGGOH$JHVWRH[WUDFW
WKHRUH,WVVXFFHVVLQSUDFWLFHGRHVQRWVKRZWKURXJKLQWKH
ZULWWHQVRXUFHVDQGWKHPHGLHYDO LFRQRJUDSK\ZKLFKDUH
WRRODFXQDU\DQGDOOXVLYH2QO\DUFKDHRORJ\FDQEULQJQHZ
OLJKWWKDQNVWRWKHDUFKLWHFWXUDODQDO\VLVRIWKHZRUNVDQG
H[DPLQLQJWKHVWHULOHJUDQXORPHWU\DQGVHGLPHQWRORJ\2QH
RIWKHPRVWSUHHPLQHQWFKDUDFWHULVWLFVLVWKHDEXQGDQFHRI
FKDUFRDOGHSRVLWVUHOLFVRIWKHWKRXVDQGVRIEOD]HVZKLFK
PDGH LW SRVVLEOH WR RSHQ XS DQG ZRUN WKH PLQH 7KHVH
GHSRVLWVFRQVWLWXWHDPDVVRIKDUGWRLQWHUSUHWVLJQLILFDQW
LQIRUPDWLRQEHFDXVHWKHSHUFHSWLRQRIWLPEHUXVHWKURXJK
WKHKXPDQSULVPJHQHUDWHVGHIRUPDWLRQV2QWKHEDVLVRI
WKLVSRVWXODWHUHFRXUVHWRDUFKDHRORJLFDOH[SHULPHQWDWLRQ
LV LQHYLWDEOH ,W VKRXOG LPSURYH FRPSUHKHQVLRQ RI
WKH JURXQG FODULI\ WKH LQWHUSUHWDWLRQ RI RSHUDWLRQDO
G\QDPLFV DQGPDNH LW SRVVLEOH WR FKDUDFWHULVHPRGHVRI
PDQDJHPHQWRIWKHGHDGVDQGIXHO7KHVHSURVSHFWVRSHQ
SRVVLELOLWLHVRISDOHRHFRORJLFWHFKQRORJLFDODQGSUDFWLFDO
LQWHUSUHWDWLRQV
([FHSW IRU ODERUDWRU\ WHVWV UHDOLVHG GXULQJ WKH WK DQG
DW WKH EHJLQQLQJ RI WKH WK F '$8%5e(  +2/0$1
 H[SHULPHQWDO ILUHVHWWLQJ ZDV LQLWLDWHG E\ :HOVK
DUFKDHRORJLVWV WR VWXG\ WKH WHFKQLFDO LQFLGHQFHV RI WRROV
PDGH IURP VWDJ DQWOHUV DQG VWRQH RQ URFN ZHDNHQHG E\
ILUH LQ SURWRKLVWRULF PLQHV &5(:  /(:,6 
7,0%(5/$.( E $W WKH HQG RI WKH WK F LQ WKH
QLQHWLHV SLRQHHU WHVWV LQ )UDQFH ZHUH FDUULHG RXW LQ WKH
PLQHVRI*RXWLO/¶$UJHQWDULRDQGDW0HOOH7KH\VKRZHG
WKH UHDO SRWHQWLDOLWLHV RI H[SHULPHQWDWLRQ WR VWXG\ WKH
LQWHUUHODWLRQVKLSVRIWKHPLQHDQGWKHIRUHVW'8%2,6
7(5(<*(2/
$W /¶$UJHQWLqUH/D%HVVpH  H[SHULPHQWV ZHUH OHG
GXULQJ WKHFDPSDLJQVZKLOVWSURILWLQJIURPD
SOXULGLVFLSOLQDU\FRRSHUDWLRQRQWKHLQWHUIDFHRIKXPDQ
DFWLRQRQWKHHQYLURQPHQW7KH\FRQVWLWXWHWKHILUVWVWHSV
RIDQLQGHSWKVWXG\RQZRRGDQGLWVVSHFLILFXVHVIRUWKH
PLQLQJDFWLYLW\LQWKH)RXUQHOYDOOH\7KHH[SHULPHQWDOVLWH
LV ORFDWHGTXLWH IDUXQGHUJURXQG LQ WKHHQJLQHFKDPEHU
FKRVHQ IRU LWV DFFHVVLELOLW\ DQG WKH SRVVLELOLWLHV RI
YHQWLODWLRQ7KHWUDQVSRUWRIYDULRXVPDWHULDOVZRRGORDGV
DQGWRROVLVIDFLOLWDWHGE\URRP\DFFHVVFKDUDFWHULVWLFRI
WKH PRGHUQ ZRUNV $ FRPIRUWDEOH ZRUNVSDFH IDFLOLWDWHV
VFLHQWLILF IROORZXS RI S\UH FRPEXVWLRQ DQG GDWD
UHFRUGLQJ E\ HOLPLQDWLQJ WKH ULVNV FDXVHG E\ FKRNLQJ
VPRNH),*
7KH REMHFWLYH RI WKLV FRQWULEXWLRQ LV QRW WR GHYHORS DQ
H[KDXVWLYH SUHVHQWDWLRQ RI WKH ILUHVHWWLQJ H[SHULPHQWDO
ZRUNLQWKH)RXUQHOIRUVHYHUDO\HDUVQRZEXW WRFODULI\
WKHVSHFLILFVWXG\RIIXHODQGWKHFKDUFRDOUHVLGXHVWRRSHQ
D UHIOHFWLRQRQ WKHPLQLQJXVHVRI ILUH DQG WKHHFRQRP\
RI WLPEHU 7KLV RULJLQDO DSSURDFK OLHV LQ WKH EURDGHU
IUDPHZRUNRIFXUUHQWUHVHDUFKRQWKHKLVWRU\RIWHFKQLFDO
NQRZKRZDQGW\SHVRIPHGLDHYDOUHVRXUFHPDQDJHPHQW
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3HULRGLFLW\RIWKHH[SHULPHQWV
7R SURILW IURP JRRG YHQWLODWLRQ H[SHULPHQWV DUH KHOG
GXULQJ WKHZLQWHU%DVHGRQ WKH LQLWLDOZRUNGRQHVLQFH
WKHUDWHRIRQHILUHSHUGD\ZDVVHOHFWHGWRDOORZ
WKHFRROLQJRIWKHURFNIDFHEHWZHHQHDFKILUHDQGEHWWHU
8QWHUVXFKXQJHQZXUGHQKLHU]X3LQXVYRP7\S3V\OYHVWULVYJO/DUL[3LFHDXQGLQJHULQJHUHP8PIDQJ$ELHVVSYHUZHQGHW+LHU]X
ZHUGHQ GLH +DXSWGDWHQ JHPHVVHQ XQG V\VWHPDWLVFKHQ %HREDFKWXQJHQ XQWHU]RJHQ *HZLFKW GHU +|O]HU )HXFKWLJNHLW 0DVVH XQG
)RUPGHV6FKHLWHUKDXIHQV6FKLFKWXQJJHJHQGLH:DQG7XUPIRUP/HJXQJ)HXHUXQG7HPSHUDWXUHQWZLFNOXQJ'HU)RUWVFKULWWGHU
$EEDXNDQWHZLUGEHZHUWHWXQGYHUPHVVHQGLH$ESODW]XQJHQXQG+RO]NRKOHUHVWHJHPHVVHQXQGPDNURZLHPLNURVNRSLVFKXQWHUVXFKW
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(LQEOLFNLQGLHXQWHUVFKLHGOLFKHQDXIGDV*HVWHLQHLQZLUNHQGHQ0HFKDQLVPHQJHZlKUWXQGVRPLW$XVEOLFNHDXIGLH:DOGZLUWVFKDIWXQG
+RO]JHZLQQXQJHUODXEW8QVHU%HLWUDJVWHOOWGLH(UJHEQLVVHYRQ9RUXQWHUVXFKXQJHQYRUGLHLP5DKPHQHLQHV'LVVHUWDWLRQVYRUKDEHQV
GXUFKJHIKUWZXUGHQ
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
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UHFRUGLQJ RI WKH GDWD FROOHFWLQJ RI UHVLGXHV VLIWLQJ
VRUWLQJZHLJKLQJ,QGHHGDWWKHWLPHRIWKHILUVWVHULHV
RI H[SHULPHQWV WKH ILUHVZHUH ODXQFKHGFRQWLQXDOO\ IRU
KRXUVVRDVQRWWROHWWKHURFNIDFHFRROGRZQ$1&(/
$1'0$5&211(7,QWKHVDPHPDQQHU WKHVHFRQG
VHULHV RI ILUHV LQ  ZDV OHG XQLQWHUUXSWHGO\ IRU 
KRXUV )LQDOO\ WKH  H[SHULPHQWV ZHQW RQ IRU 
GD\VZLWKWRFRQWLQXRXVILUHVSHUGD\$1&(/
7KHVH UHPDUNV SRVH WKH SUREOHP RI WKH UDWHUK\WKP RI
ILUHVHWWLQJV LQ WKH )RXUQHO EHWZHHQ WKH WK DQG WKF
8QGHU FHUWDLQ FRQGLWLRQV WKH\ FRXOG EH FDUULHG RXW
XQLQWHUUXSWHG DV LQ WKH PLQHV RI .RQJVEHUJ WKWK
WKF RU GXULQJ D SXEOLF KROLGD\ RU RQ 6DWXUGD\V RU
WKH GD\ EHIRUH WR DYRLG DFFLGHQWV E\ VXIIRFDWLRQ DV LQ
WKHPLQHVRI5DPPHOVEHUJ +DUW]DQG LQ WKHPHGLHYDO
PLQHVRI0DVVD0DULWWLPD7XVFDQ\%XWWKHVHLVRODWHG
PHQWLRQV VSHFLILF WR DQ RUH OHYHO DQG D WHFKQLFDO
IUDPHZRUN FDQQRW EH JHQHUDOLVHG IRU DOO VLWHV DQG DOO
SHULRGV6,021,1&2//,16%(5*'8%2,6
0RUHRYHUWKHHIIHFWLYHQHVVRIDILUHEXUQWDJDLQVW
DFROGURFNIDFHPXVWEHWHVWHG7KHVWURQJYDULDWLRQVLQ
WHPSHUDWXUHRQWKHVXUIDFHRIWKHURFNFDQFRQVWLWXWHDQ
LPSRUWDQWIDFWRU&2//,16
2XULQLWLDOREMHFWLYHZDVWRGLJRXWRIDVROLGURFNZDOOD
JDOOHU\RI³PHGLHYDOW\SH´ZKRVHKHLJKWDQGZLGWKZRXOG
QRWH[FHHGP
5HFRUGLQJRIWKHGDWD
7R SURILW IURP D FRUSXV RI UHFXUULQJ DQG VWDWLVWLFDOO\
H[SORLWDEOHGDWDDUHFRUGFDUGZDVFUHDWHGDQGLPSURYHG
SURJUHVVLYHO\ GXULQJ WKH H[SHULPHQWV ,W LV FRPSRVHG
RI WZR GLVWLQFW SDUWV GXULQJ WKH H[SHULPHQW DQG WKH
DVVHVVPHQW ,QJHQHUDODQH[SHULPHQW LVVSUHDGRXWRYHU
 KRXUV ,W EHJLQV ZLWK WKH VHOHFWLRQ RI ZRRG VWRUHG
XQGHU FRYHU RXWVLGH WKH PLQH 8QGHUJURXQG WKH ORJV
DUH VSOLW DQG SUHSDUHG RQ D VSHFLDO VXUIDFH (DFK ORJ LV
PHDVXUHG DQG ZHLJKHG 7KH S\UH LV OLW DURXQG PLGGD\
7KH ZRRG LV FRQVXPHG RQ DYHUDJH IRU WKUHHTXDUWHUV WR
RQHKRXU&RROLQJWLPHRIWKHKHDUWKDQGWKHURFNWDNHVWKH
UHPDLQGHURIWKHGD\DQGDOOWKHQLJKW7KHQH[WPRUQLQJ
LVGHYRWHG WRFROOHFWLQJ WKH IUDJPHQWDWLRQ UHVLGXHVZLWK
PDQXDO SXUJLQJ RI WKH ZHDNHQHG URFN ZHLJKLQJ RI WKH
UHVLGXHVIUDJPHQWDWLRQDQGSXUJLQJDQGZLWKFRQVWUXFWLRQ
RI WKHS\UHIRU WKHIROORZLQJILUHDOOFDUHIXOO\GHVFULEHG
ZLWKVNHWFKHV7KHH[SHULPHQWVXQGHUWDNHQLQ
UHTXLUHGLQDOOVL[ZRUNLQJZHHNVXQGHUJURXQG
7KH FDUG KDV RQ WKH UHFWR D WDEOH IRU WKH FRXUVH RI WKH
H[SHULPHQWDWLRQ VWDWHPHQW RI WKH DPELHQW WHPSHUDWXUH
DW YDULRXV VWDJHV RI WKH H[SHULPHQW DUULYDO OLJKWLQJXS
IUDJPHQWDWLRQDQGWLPLQJRI WKHOHQJWKRIS\UHEXUQLQJ
7KLVUHFRUGLQJPDNHVLWSRVVLEOHWRFKDUDFWHULVHWKHUDWH
UK\WKPRIFRPEXVWLRQ WKHKHDW DQG UDGLDWLRQRI WKH ILUH
FDORULILFUHOHDVHRIHQHUJ\ZKLFKKHDWVWKHDWPRVSKHUH
7KLV PHWKRG LV SURYLVLRQDO DZDLWLQJ LQVWDOODWLRQ RI
WKHUPDOSUREHVWRPHDVXUHYDULDWLRQVLQWHPSHUDWXUHRIWKH
URFNIDFHDQGLQWKHKHDUWK
$ VHFRQG WDEOH LV LQWHQGHG IRU UHFRUGLQJ WKHZHLJKW DQG
VL]H RI WKH ORJV /RJV RI GLIIHUHQW VHFWLRQV DUH VSOLW RU
PRUHUDUHO\VDZQDFFRUGLQJWRWKHW\SHRIS\UHWRUDLVH
7KHNLQGRIWKHZRRGLVVWLSXODWHG7KHS\UHKDVDVSHFLILF
LQVHUW IRU GHVFULSWLRQ RI WKH OD\RXW RI WKH KHDUWK IORRU
WKHS\UHDUUDQJHPHQWVWHHSQHVVDQGFRQWDFWZLWKWKHURFN
IDFHWKHVLGHVDQGYDXOWRIWKHJDOOHU\/DVWO\WKHERWWRP
RIWKHFDUGLVGHYRWHGWRGHVFULSWLRQRIOLJKWLQJXSDQGWKH
SURJUHVVLRQRIWKHS\UH7KLVSDSHUZRUNLVUHLQIRUFHGE\
SKRWRJUDSK\HYHU\PLQXWHV
7KHVHFRQGSDUWRIWKHH[SHULPHQWFRUUHVSRQGVWRWUHDWPHQW
RIWKHUHVLGXHV7KHYHUVRRIWKHFDUGLVFRPSRVHGRIWKUHH
WDEOHV UHVHUYHG UHVSHFWLYHO\ IRU WKH FKDUFRDOV WKH URFN
IUDJPHQWVDQGWKHUHVLGXHVIURPPDQXDOSXUJLQJ
$ILUVWVWDJHFRQVLVWVLQUHFRYHULQJWKHXQEXUQWKDOIEXUQW
RU FDUERQLVHG ORJV 7KHVH UHVLGXHV DUH ZHLJKHG 2Q WKH
SRVWXODWH WKDW WKH 2OG 0HQ PDQDJHG HQHUJ\ DV ZHOO DV
SRVVLEOH WKLV UHVLGXDO IXHO LV UHXVHG LQ IXUWKHU ILUHV ,Q
WKH VDPH ZD\ FKDUFRDO UHVXOWLQJ IURP WKH LQFRPSOHWH
FRPEXVWLRQ RI WKH ODUJH ORJV DUH WKH VXEMHFW RI D ILUVW
URXJK JUDGLQJ FRUUHVSRQGLQJ WR DQ\WKLQJ PRUH WKDQ RQH
FHQWLPHWUH7KHVHFRDOVSUHVHUYHGLQWKHGU\DUHSRWHQWLDOO\
UHF\FODEOH IRU GRPHVWLF RU DUWLVDQDO DFWLYLWLHV$ VHFRQG
JUDGLQJ FRQVLVWV LQ FROOHFWLQJ WKH PD[LPXP RI UHVLGXDO
FRDOVWRUHGXFHWKHZRUNRIVRUWLQJDQGIUDJPHQWDWLRQSRVW
FRPEXVWLRQ)LQDOO\WKHODVWFRDOVDUHKDQGVRUWHGGXULQJ
VSRLOVLIWLQJ7KHILOWHUHGIUDFWLRQVDUH!PPPP
PPPPPPPP
7KH IUDFWLRQV VPDOOHU WKDQ  PP DUH H[FOXGHG IURP WKH
WRWDO ZHLJKLQJ RI UHVLGXDO FRDOV DQG DUH FODVVHG ZLWK
VDQGDQGGXVW7KHVHPLOOLPHWUHOHQJWKVKDUGVUHVXOWIURP
IUDJPHQWDWLRQ SRVW FRPEXVWLRQ RI IUDJLOH FRDOV ZKRVH
R[LGDWLRQZDVDOUHDG\TXLWHDGYDQFHG7KHFRDOVFROOHFWHG
IURPHDFKH[SHULPHQWDWLRQDUHWKHVXEMHFWRIVDPSOLQJWR
EHVXEMHFWHGWRPLFURVFRSLFDQDO\VLV7KHDGYDQFHRI WKH
URFNIDFHLVPHDVXUHGLQWKHIRUPRIDORQJLWXGLQDOSURILOH
'HVFULSWLRQRIDVWDQGDUGH[SHULPHQWLQSUDFWLFH
7KHH[SHULPHQWEHJLQVZLWKSURYLVLRQDQGFKRLFHRIIXHO
,Q WKHZRRGKDGEHHQ VWRUHG LQ WKHPLQHQHDU WKH
H[SHULPHQWDO URFN IDFH 2XWSXW GURSSHG JUDGXDOO\ DQG
EHFDPHFDWDVWURSKLFRQWKHVL[WKGD\:HWKHQQRWHGWKDW
WKHORJVKDGEHFRPHZHWWHUEHFDXVHRIWKHLUXQGHUJURXQG
VWD\WRRIDPELHQWKXPLGLW\6LQFHWKHQZHDGRSWHG
WKHSUHFDXWLRQRIEULQJLQJWKHZRRGLQWRWKHPLQHDW WKH
ODVWPRPHQW7KHORJVDUHWUDQVSRUWHGLQEDJVDQGFDUHLV
WDNHQQRWWRXQQHFHVVDULO\GLUW\RUZHWWKHP
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2QWKHVSRWWKHORJVDUHVSOLWDFFRUGLQJWRWKHREMHFWLYHV
RIWKHH[SHULPHQW,QRXUFRQILJXUDWLRQWKHVL]HRIWKHURFN
IDFH OLPLWV WKH TXDQWLW\ RI ZRRG WR  NJ7KH VSOLQWHUV
DUHUHFRYHUHGIRUOLJKWLQJXS7KHNLQGOLQJEXUQVLQDIHZ
PLQXWHVDQGGRHVQRWSOD\DUROHLQWKHDWWDFNRIWKHURFN
EXW LV GHWHUPLQDQW IRU IDVW ILULQJ RI WKH S\UH ,W LV WKXV
LPSRUWDQWWRSUHSDUHDWOHDVWWRNJRINLQGOLQJ
7KH S\UH VKRXOG EH SUHSDUHG FDUHIXOO\ DV D JRRG ILULQJ
LV UHODWHG WR WKH ZD\ LW LV PDGH 7KH MRLQLQJ RI VHYHUDO
ORJV RULHQWV WKH IODPHV VRPHWLPHV HYHQ PDNLQJ D YHU\
HIIHFWLYH ³EORZWRUFK´ HIIHFW$ ORJ IDFH WR WKH ZDOO FDQ
VFUHHQDQGSURWHFW WKHURFN&RPSDFWVWDFNLQJ OHQJWKHQV
ILUHWLPHDQGRQWKHFRQWUDU\DYHQWLODWHGSURYLVLRQEXUQV
LWYHU\TXLFNO\$WWKHEDVHVHWWLQJRIDNLQGRIIORRUDOORZV
JRRG YHQWLODWLRQ RI WKH S\UH DW OHDVW XQWLO LWV FROODSVH
7KHVWUXFWXUHPXVWEHPDGHXSVRWKDW LW UHVLVWVFROODSVH
ORQJHVWDPL[WXUHRI WKLFNHUDQGVPDOOHU ORJV UHFRQFLOHV
VWUHQJWK RI WKH EOD]H DQG VROLGLW\ RI WKH S\UH $V WKH
FDYLW\RSHQWRWKHILUHKDVURXQGZDOOVLWLVQHFHVVDU\WR
DFFRPPRGDWHWKLVLQEXLOGLQJDVWDEOHS\UHEORFNVRIURFN
FDQEHXVHGIRUWKLVSXUSRVHWKH\VKRXOGQRWEHFRXQWHGLQ
UHVLGXHZHLJKLQJ
'XULQJ WKHFRQVWUXFWLRQRI WKHS\UHRQHVKRXOGQRW ORVH
VLJKW RI WKH REMHFWLYH RI WKH H[SHULPHQW WR DGYDQFH WKH
ERULQJRIDJDOOHU\,IRQH³VWXIIV´WKHZRRGDQ\KRZLQWR
WKH FDYLW\RQHZLOO HQODUJH LWZLWKRXWKDUGO\ DGYDQFLQJ
WKHZRUNIDFH
:H FKRVH WZR W\SHV RI S\UH FRQVWUXFWLRQ 7KH ³O\LQJ´
S\UHLVFRPSRVHGRIDIORRUZKLFKLVEDVHGRQWKHFRQFDYH
EDVHRIWKHURFNIDFHRQZKLFKDUHSLOHGXSLQDPRUHRU
OHVVSDUDOOHOZD\ WKH ORJV LQFOLQHGDJDLQVW WKH IDFH7KH
GLUHFWLRQDQG WKHVORSHRI WKH ORJVZLOOGLUHFW WKHIODPHV
WRZDUGVVXFKRUVXFKSDUWRIWKHFDYLW\WKHIDFHLWVHOIWKH
YDXOWWKHOHIWRUULJKWKDQGZDOOV7KH\FDQDOVREHODLGRXW
LQDFRQHWRWU\WRFRQFHQWUDWHWKHIODPHVWRZDUGVDPRUH
SUHFLVH ]RQH 7KH ³WRZHU´ S\UH LV FRPSRVHG RI VHYHUDO
VWDJHV RI SHUSHQGLFXODUO\ SLOHG XS ORJV ),*  7KH
IODPHVZLOOWKXVWHQGWRULVHRQDOOVLGHV,IRQHDUUDQJHVD
NLQGRIFKLPQH\LQWKHFHQWUHRIWKHWRZHURQHREWDLQVD
EORZWRUFKHIIHFWWRZDUGVWKHYDXOW)RUWKHVHWZRW\SHVRI
S\UHVRQHFDQDOVRPDNHD³VFUHHQ´RIEURDGDQGUHJXODU
ORJV ZKLFK DUH ODLG DJDLQVW WKH S\UH DQG ZKLFK SUHYHQW
WKHIODPHVIURPHVFDSLQJWRZDUGVWKHRSHQLQJ7KH\WKXV
HQVXUHSURJUHVVLYHIDOOLQJLQWRZDUGVWKHURFNIDFH
)URP RQH H[SHULPHQW WR DQRWKHU WKH VL]H RI WKH ORJV LV
QHYHU LGHQWLFDO QRU WKH GLVSRVLWLRQ RI WKH ILUH QRU LWV
LQWHQVLW\QRUWKHDGYDQFHRI WKHURFNIDFHHWF7KXVE\
GHILQLWLRQHDFKH[SHULPHQWLVXQLTXHDQGWKHLUGXSOLFDWLRQ
LVLQHYLWDEO\UHODWLYH
)RU FRQYHQLHQFH OLJKWLQJXS LV GRQH XVLQJ QHZVSDSHU
DQGIUXLWER[VODWV,WLVQRWYHU\DXWKHQWLFEXWWKHUHLVQR
LQFLGHQFHRQWKHREMHFWLYHV2QWKHRWKHUKDQGRQHQRWHV
WKDWUHPDLQGHUVRIWKLVNLQGOLQJDUHIRXQGLQWKHUHVLGXDO
KHDUWKDWWKHHQGRIWKHH[SHULPHQW
,I WKH NLQGOLQJ LV MXGLFLRXVO\ SODFHG WKH S\UH EOD]HV XS
LQDIHZPLQXWHV7KHILUHLQWHQVLILHVVRPXFKVRWKDWWKH
IODPHVOHQJWKHQRQWKHYDXOWRI WKHFDYLW\ WKHQOHQJWKHQ
PRUHDQGOLFNXSWRQHDUO\DPHWUHXSZDUGRQWKHJDOOHU\
ZDOO7KHIXPHVVWDJQDWHDOLWWOHDWWKHFHLOLQJWKHQHVFDSH
E\ D KLJKHU RSHQLQJ WKDQNV WR WKH DVFHQGLQJ GUDXJKW
ZKLFK WUDYHUVHV WKH PLQH LQ ZLQWHU7KH ILUH EOD]HV WKXV
IRUWRPLQWKHQWKHIODPHVGURSDQGVWD\ZLWKLQWKH
FDYLW\,WLVRIWHQVWDUWLQJIURPWKLVGHFUHDVHRIWKHIODPHV
WKDWWKHSKDVHRIIUDJPHQWDWLRQEHJLQV
7KH IUDJPHQWV RI URFN GHWDFK IURP WKH URFN IDFH
VRPHWLPHVIODWVKDUGVVRPHWLPHVEODGHVRIFPVXUIDFH
DFFRPSDQLHG E\ GU\ FUDFNLQJV GLIIHUHQW IURP WKRVH
)LJXUH([SHULPHQWQH[DPSOHRID³WRZHU´W\SHS\UH
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ZKLFKFDQRFFXUGXULQJZRRG VHDVRQLQJ0DQ\RI WKHVH
IUDJPHQWDWLRQV WDNHSODFHRQ WKHSDUWRI WKH IDFHKLGGHQ
E\WKHS\UH2QWKHRWKHUKDQGWKH\DUHTXLWHYLVLEOHIURP
WKHFHLOLQJDQGSUHVHQWDVRPHWLPHVVSHFWDFXODUH[SORVLYH
FKDUDFWHU VKDUGV RI KHDWHG URFN DUH SURMHFWHG XS WR 
PHWHUV RI GLVWDQFH IURP WKH KHDUWK 7KH IUDJPHQWDWLRQV
FDQ VRPHWLPHV IROORZ RQH DQRWKHU TXLFNO\ DW WKH WLPH
RISKDVHVRI³FULVLV´ZKHUHSURMHFWLRQVFDQFRYHUWKLFNO\
WKHIURQWRIWKHKHDUWK),*2QWKHVLGHVRQHREVHUYHV
FUDFNLQJVZKLFKJUDGXDOO\VHSDUDWHEODGHVRI WKLFN URFN
7KHIUDJPHQWDWLRQVDUHQRWDOZD\VVSHFWDFXODUKRZHYHUD
GLVFUHWHDWWDFNRSHUDWHVEHKLQGDQGXQGHUWKHS\UH
$IWHU WKUHHTXDUWHUV RI DQ KRXU WKH EXUQW S\UH VWDUWV WR
VXEVLGHDQGWHQGVWRIRUPDQHPEHUFOXVWHUPL[HGZLWKWKH
IUDJPHQWHG URFN7KH IUDJPHQWDWLRQV DUH VSDFHG LQ WLPH
WKHQFHDVH7KHHPEHUVVWLOOIOLFNHUIRUPRUHWKDQDQKRXU
7KHIROORZLQJGD\WKHUHVLGXHVRIWKHKHDUWKDUHWUHDWHG
6RPHWLPHV WKHUH UHPDLQ IUDJPHQWV RI KDOIEXUQW ORJV
/DUJHFKDUFRDOVPDUNWKHVLWHRIWKHODVWFRQVXPHGORJVDQG
VSOLWXSDVVRRQDVWKH\DUHWRXFKHG'XULQJWKHFOHDQLQJ
RIWKHKHDUWKRQHREVHUYHVDJUHDWDEXQGDQFHRIUHVLGXDO
FRDOVDERXWWRRIYROXPHZLWKRXWDQ\FRPSDULVRQ
ZLWKZKDWRQHREVHUYHVLQDUFKDHRORJLFDOVWHULOHV2QHDOVR
REVHUYHVWKHIUDJPHQWDWLRQZKLFKKDSSHQVPRUHGLVFUHHWO\
LQWKHORZHUSDUWRIWKHFDYLW\KLGGHQE\WKHS\UH2QWKH
IORRUYHU\WKLFNVKDUGVDUHGHWDFKHG
$IWHU WKLV ILUVW FOHDQLQJ WKH ZDOOV DUH KDPPHUHG WR EH
SXUJHG&HUWDLQ]RQHVDUHKHDOWK\DQGVRXQGFOHDUXQGHUWKH
EORZVRIWKHPDOOHWHLWKHUEHFDXVHWKH\ZHUHQRWDWWDFNHG
E\ ILUH RU EHFDXVH WKH\ ZHUH SXUJHG ³QDWXUDOO\´ GXULQJ
WKHSKDVHRI IUDJPHQWDWLRQ2WKHU]RQHVVRXQG³KROORZ´
DQG WKH PDVVHV RI VKDUGV IDOO HDVLO\7KH PLFURIUDFWXUHG
]RQHV DSSHDU WR UHVLVW IUDJPHQWDWLRQ DQG PXVW EH FXW
GRZQ GXULQJ WKH SXUJLQJ 'XVW LV VLJQLILFDQW 6LIWLQJ RI
WKHSURGXFWVKRZVWKDWFORVHWRRIWKHFXWGRZQURFNLV
FRPSRVHGRISDUWLFOHVVPDOOHUWKDQPP
$66(660(17$1'/(66216
7KUHH³ZRRGIDFWRUV´FDQEHSXWIRUZDUGIRUWKHFRQGXFW
RI ILUHVHWWLQJ KXPLGLW\ FRQWHQW VL]H WKH W\SH DQG DQ
³H[WULQVLF´ IDFWRU RI FRPEXVWLRQ WKH LQVWDOODWLRQ RI WKH
S\UH
7KHKXPLGLW\IDFWRU
7KH ZDWHU FRQWHQW OHDGV WR D YDULDWLRQ RI WKH FDORULILF
YDOXH RI WKH ZRRG ZLWK HIIHFW RQ WKH WHPSHUDWXUH
IURP FRPEXVWLRQ DQG PRGHOV WKH EHKDYLRU RI WKH ILUH
SHUVLVWHQFH DQG KHLJKW RI WKH IODPHV 0RUHRYHU WKH
YDULDWLRQ LQIOXHQFHV WKH GXUDWLRQ RI FDOFLQDWLRQ *RRG
PDQDJHPHQW LV IRU H[DPSOH HVVHQWLDO IRU ILUHV ZKLFK
PXVW³EURRG´DORQJWLPHRUEOD]LQJILUHVZKLFKZLOOEH
FRQVXPHGTXLFNO\([SHULPHQWVXQGHUWDNHQLQVKRZ
LQFUHDVLQJIDOORIRXWSXWZKLFKZDVUHODWHGWRIXHOVWRUDJH
LQWKHPLQHZKHUHDPELHQWDLULVVDWXUDWHGZLWKPRLVWXUH
7KLVIDFWRUWKXVLQWHUYHQHVGLUHFWO\RQUHQWDELOLW\RIILUHV
,Q DFFRUGDQFH ZLWK WKH ZULWWHQ VRXUFHV DQG SUDFWLFH LW
LV REYLRXV WKDW XVLQJ JUHHQ KHDUWZRRG LV H[FOXGHG IRU
WKH ILUH ,QGHHG LQ WKH 0LGGOH$JHV WKH FRQGLWLRQV RI
OLJKWLQJ DQG YHQWLODWLRQ FRXOG SURYH YHU\ GLIILFXOW LQ
PDMRUZRUNLQJV7KLVW\SHRIZRRGFDQQHYHUWKHOHVVEH
XVHG H[FHSWLRQDOO\ QRWDEO\ IRU IHHGLQJ YLJRXURXV ILUHV
FDUULHG RXW LQ WKH RSHQ DLU ZRUNLQJ VWDUWV VFUDSLQJV
IRU ZKLFK DQ\ DYDLODEOH WLPEHU LV QRW QHJOLJLEOH 7KH
ZRRGXVHG IRU WKHH[SHULHQFHVFDUULHGRXW LQZDV
³GU\´ ,W ZDV GHOLYHUHG E\ D ORFDO ZRRG PHUFKDQW DQG
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VWRUHG LQ WKH IRUP RI FRDUVHO\ VSOLW ORJV XQGHU D VKHHW
H[SRVHG WR WKH VRXWK $V WKH ZRRG LV JHQHUDOO\ TXLWH
FROGEHFDXVHH[SHULPHQWVDUHXQGHUWDNHQDWWKHKHLJKWRI
WKHZLQWHU WKH H[DFWZDWHU FRQWHQW FRXOGQRWPHDVXUHG
ZLWK DQ HOHFWULFDO DSSOLDQFH EXW LW FDQ EH HYDOXDWHG LQ
DWKHRUHWLFDOZD\$ORJLVVROGGU\ZLWKDZDWHUFRQWHQW
LQFOXGHGXQGHUVWRRG LQ EHWZHHQ  DQG  'ULHG
LQ WKH RSHQ DLU LW SUHVHUYHV D ZDWHU FRQWHQW ZKLFK LV
HVWDEOLVKHGEHWZHHQDQGWKHORJVXVHGLQ
 SUREDEO\ UHDFKHG D PRUH UHGXFHG IRUN ZLWK UDWHV
UDQJLQJ EHWZHHQ  DQG  7KH\ FRXOG EH D IDFWRU
VXSSRUWLQJ WKH VLJQLILFDWH LQFUHDVH LQ RXWSXWV DW WKH
WLPHRIWKHVHH[SHULHQFHV7KHZRRGZKLFKUHPDLQHGLV
XQXVHG WKHVH UDWHV FDQ EH UHDFKHG WKHRUHWLFDOO\ DIWHU D
VWRUDJHSHULRGXQGHUVKHOWHURULQWKHRSHQDLUIRU\HDUV
WR\HDUVDQGKDOI),*$FFRUGLQJWRDUFKDHRORJLFDO
GDWDWKHPLQHUVRIWKH)RXUQHOXWLOLVHGTXDVLH[FOXVLYHO\
FRQLIHURXV WUHHV WKH\ WKXV KDG LQWHUHVW LQ IHOOLQJ LQ
VXPPHU ZKHQ ZDWHU FRQWHQW LV WKH OHDVW VLJQLILFDQW
+RZHYHUWKHWUDGLWLRQDOSHULRGRIFXWWLQJRIFRQLIHURXV
WUHHV LV DW WKH KHLJKW RI ZLQWHU -DQXDU\)HEUXDU\ WR
DYRLG WKH DEXQGDQFH RI UHVLQ LQ ZKLFK WKH\ DERXQG LQ
VSULQJDQGLQVXPPHU7KHREWHQWLRQRIDVHDVRQHGZRRG
WKXV FRQVWLWXWHG D FRQVWUDLQW EHFDXVH LW ZDV QHFHVVDU\
WREHDEOH WR VWRUH LW LQ ODUJHTXDQWLWLHVSUHIHUDEO\ZLWK
VKHOWHU$V LW LV WZLFHPRUHSURILWDEOH WRGU\RQVLWH WKH
ZRRGVSOLWLQTXDUWHUVUDWKHUWKDQORJVRQHFDQFRQVLGHU
DWUXHRSHUDWLRQDOVWRFNSUHSDUDWLRQOLQHRIIXHOXSVWUHDP
RIWKHPLQLQJZRUNV$QDO\VLVRIFDUERQDFHRXVUHVLGXHV
FDQJLYHHOHPHQWVRI LQWHUSUHWDWLRQ WKDQNVLQSDUWLFXODU
WR REVHUYDWLRQ RI GHWHULRUDWLRQV IXQJLF DWWDFNV RSHQ
VOLWVRI LQVHFWZLWKGUDZDO(OHPHQWVRIP\FHOLXPZHUH
REVHUYHGLQWKHFHOOXODUVWUXFWXUHVRI WKHDUFKDHRORJLFDO
VDPSOHV7KHLUVWXG\LVLQKDQGDQGZLOOKDYHWRGHWHUPLQH
WKHWKHRUHWLFDOWLPHRIZRRGVWRFNDJHZRRG
7KHIDFWRURIVL]H
,W LVSRVVLEOH WRPDNHEOD]LQJILUHVZLWKGHQVHZRRGE\
YDU\LQJ LWV VHFWLRQDQGZDWHUFRQWHQW7KHPRUH WKH ORJ
LV WKLQ WKHPRUH WKHJDVHVRIFRPEXVWLRQ LJQLWHTXLFNO\
+RZHYHUWRPDNHDYLJRURXVDQGGXUDEOHILUHWKHZRRG
VXUIDFHIRUWKHIODPHVPXVWEHVLJQLILFDQW)LUHVRIIDJJRWV
EOD]H XS YHU\ TXLFNO\ DQG JURZ UDSLGO\ LQ WHPSHUDWXUH
EXWWKHLUGXUDWLRQRIEXUQLQJLVUHGXFHG7RREWDLQDILUH
ORQJEXUQLQJZLWKDKLJK WHPSHUDWXUHFRQWLQXRXVO\ LW LV
HVVHQWLDO WR PDQDJH WKH VL]H RI ZRRG DQG URXJKKHZ LW
DFFRUGLQJ LQ SDUWLFXODU WR WKHLU VWUDWHJLF UROH LQ WKH ILUH
DUFKLWHFWXUHZRRGRIVXSSRUWOLJKWLQJXSUHLQIRUFHPHQWV
DQGILOOLQJ7KHGDWDHQUHJLVWHUHGGXULQJWKHH[SHULPHQWV
FDUULHG RXW LQ   WR  VKRZ WKDW WKH VHFWLRQ RI
WKH ORJV DQG WKH TXDUWHUV FRQVWLWXWHV D PHDVXUH ZKLFK
LQWHUYHQHV LQ WKH UHQWDELOLW\ RI ILUHV 7KH EHVW UDWLRV
TXDQWLW\RIZRRGSXWDWILUHFXWGRZQURFNFRUUHVSRQG
WR WKH DYHUDJH VHFWLRQV RI WKH ORJV UDQJLQJ EHWZHHQ 
DQG7KHORZHURUKLJKHUVHFWLRQVKDYHQRWJLYHQYHU\
SURILWDEOHUHVXOWV%XWGXULQJWKHIROORZLQJH[SHULPHQWV
WRPRUHVLJQLILFDQWFDOLEUHVZHUHXVHGLQFUHDVLQJ
VLJQLILFDQWO\WKHDYHUDJHRIWKHVHFWLRQVWR)LUHV
RI VLJQLILFDQW DYHUDJH VHFWLRQV SURYHG YHU\ SURILWDEOH
),*  DQG 7KH PDQDJHPHQW RI WKLV SDUDPHWHU WKXV
SOD\VDUROHPRUHGHWHUPLQDQWWKDQWKHTXDQWLW\RIZRRG
VDZQ XS 7KH XVH RI ODUJH TXDQWLWLHV RI VPDOO VHFWLRQV
LV OHVV SURILWDEOH WKDQ D VPDOOHU ILUH EXW DVVRFLDWLQJ
ODUJHVHFWLRQV LQFRPELQDWLRQZLWKVPDOOHU ,QYHUVHO\ WR
LPSURYHWKHRXWSXWRIILUHVRIIDJJRWV LW LVQHFHVVDU\WR
XVH D JUHDW TXDQWLW\ RI ZRRG ZKLFK FDQ LPSO\ GHVSLWH
HYHU\WKLQJDXVHOHVVHQODUJLQJRI WKHFDYLW\ ,Q WKHFDVH
RIWKHWRZHUILUHVWKHILUHPXVWIODPHXSZDUGVDURXQGWKH
WRZHUWRDWWDFNWKHYDXOWRIWKHJDOOHU\,WLVWKXVQHFHVVDU\
WRDVVRFLDWHODUJHUVHFWLRQVZLWKVPDOOHURQHV
7KHIDFWRURIVSHFLHV
$IWHU WKH FULWHULD RI VL]H DQG PRLVWXUH WKHUH H[LVWV D
YDULDWLRQ RI WKH SURSHUWLHV RI WKH FRPEXVWLRQ DFFRUGLQJ
WR WKH VSHFLHV ZLWK ZDWHU FRQWHQW YDU\LQJ WR HTXDO
PRUSKRORJ\ 7KH LQIODPPDELOLW\ D ORJ LV LQIOXHQFHG E\
WKH GHQVLW\ RI WKH ZRRG LWV PROHFXODU FRPSRVLWLRQ DQG
LWVFRQWHQWRIPLQHUDOV7KHFDORULILFYDOXHFKDQJHVYHU\
OLWWOH IURP RQH VSHFLHV WR WKH RWKHU WKH YDULDWLRQV DUH
HVVHQWLDOO\ GXH WR WKH FKHPLFDO FRQVWLWXWLRQ RI GLIIHUHQW
VSHFLHV7KHVSUXFHXVHGIRUWKHILUVWH[SHULPHQWVLVD
WHQGHUOLJKWZRRG,WVGHQVLW\LVORZ7KHODUFKDQG
WKHZRRGODQGSLQHXVHGIRUWKHIROORZLQJH[SHULPHQWVLQ
DVVRFLDWLRQRULQGHSHQGHQWO\SUHVHQWHDGHILQLWHO\KLJKHU
GHQVLW\  DQG  ),*  7KH UHVLQ FRQWDLQHG
LQ WKHVH VSHFLHV KDYH D YHU\ KLJK FDORULILF YDOXH ZKLFK
JHQHUDWH JRRG LQIODPPDELOLW\ ZKLOH WKH ELRJHQLF VDOWV
DOVR FDOOHG ³DVKHV´ LQIOXHQFH WKLV SURSHUW\ QHJDWLYHO\
7KH PRUH WKHLU UDWH LV ZHDN WKH PRUH WKH ZRRG ZLOO
LJQLWH TXLFNO\ 7KLV FRPSRXQG LV SUHVHQW DW WKH OHYHO
RI  LQ WKH ZRRGODQG SLQH  LQ WKH VSUXFH DQG
 LQ WKH ODUFK ,Q WKH ODVW DQDO\VLV WKH FDORULILF
IDFWRU YDULHV YHU\ OLWWOH EHWZHHQ WKHVH WKUHH VSHFLHV ,W
LVVOLJKWO\KLJKHU LQ WKHVSUXFH.FDONJDQGTXDVL
HTXDOLQWKHZRRGODQGSLQH.FDONJDQGWKHODUFK
.FDONJ ,Q FRPSDULVRQ ZLWK WKH H[SHULPHQWDO
GDWD WKH VSHFLHV SDUDPHWHU GRHV QRW GLUHFWO\ LQIOXHQFH
WKHRXWSXWRIDILUH,WDSSHDUVFOHDUO\WKDWWKHSDUDPHWHUV
³UDWHRIKXPLGLW\´DQG³VL]H´DUHPDMRU7KLVDVVXPSWLRQ
PDNHVLWSRVVLEOHWRH[FOXGHLWIURPDSUHIHUHQWLDOVHOHFWLRQ
RI D VSHFLHV FRPSDUHG WR DQRWKHU DQG YDOLGDWHV WKH
SDOHRHFRORJLFDSSURDFKHWRPLQLQJFKDUFRDO,WLVWUXHWKDW
WKHFRQLIHURXV WUHHVDUHYHU\ LQIODPPDEOH WKH\DUHXVHG
DOVRIRUWKHPDNLQJRIWRUFKHV0$*186&$67(//(77,
$1' &$67,*/,21,  7KH XVH RI VPDOO VL]HV RI OLJKW
GHFLGXRXV WUHHVREWDLQV WKH VDPH UHVXOW)RU ILUH VHWWLQJ
WKHSHUHPSWRU\QHFHVVLW\ IRU DEULJKWEXUQLQJ ILUH LVQRW
VKRZQ7KHPLQHUVFRXOGXVHEOD]LQJILUHVDQGEURRGLQJ
ILUHV DFFRUGLQJ WR WKH WHFKQLFDO FRQVWUDLQWV WR VXUPRXQW
OLNH FXWWLQJ GRZQ WKH FHLOLQJ RU WKH IRRW RI D JDOOHU\$
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FKRNHGILUHDOORZV WUDQVIHURIKHDWE\FRQGXFWLRQ7KHUH
LV D WUDQVPLVVLRQRI HQHUJ\RI IXHO WRZDUGV WKH URFN ,WV
SURSDJDWLRQ YHORFLW\ GHSHQGV RQ WKHUPDO FRQGXFWLYLW\
RYHU WKH TXDU]LWHV 7KH KHDW WUDQVPLWWHG E\ WKH IODPHV
LV LQWHUHVWLQJ ZKHQ LWV UDGLDWLRQ LV FKDQQHOHG E\ WKH
VDZ OHQJWK 7KH UDGLDWLRQ OHG WR VSHFWDFXODU FUDFNLQJ
DFFRPSDQLHGE\SURMHFWLRQRISODWHVRIURFNKHDWHGZLWK
ZKLWH7KHVHDSSURDFKWKHODVWSRLQWZKLFKFRQVWLWXWHVLQ
RXUH\HVDQH[WULQVLFIDFWRUWKHLQVWDOODWLRQRIWKHORJV
7KHIDFWRURI¿UHFRQVWUXFWLRQ
6WDUWLQJ IURP WKH LFRQRJUDSKLF GDWD RI WKH H[WUHPH HQG
RIWKHPHGLHYDOWLPHDQGPRGHUQSHULRGJHQHUDOZRUNV
WZRW\SHVRIS\UHVDQGVRPHDOWHUQDWLYHVZHUHXVHGKLJK
WRZHUV ),* ZLWKRUZLWKRXWVFUHHQRU OHDQHGPRUH
RUOHVVYHUWLFDOO\DJDLQVWWKHZDOORIWKHFRDOIDFH)URP
WKHVWULFWSRLQWRIYLHZRIWKHRXWSXWVWKHILUVWPHWKRGLV
RQDYHUDJHOHVVSURILWDEOHWKDQWKHVHFRQG),*)URP
DVWUDWHJLFSRLQWRIYLHZWKHXVHRIWKHVHWZRWHFKQLTXHV
LV FRPSOHPHQWDU\ 7KHVH UHVXOWV DUH QRW VXUSULVLQJ EXW
ZLWKSUDFWLFH WKH WRZHUV OHDQHG DQGSURYHGPRUHGLUHFW
WR UHDFK WKH PLQLQJ REMHFWLYH 7KH WRZHU FRQVWLWXWHV
QHYHUWKHOHVVDJRRGPHDQVWRDWWDFNWKHWRSDQGWRZLGHQ
WKHFDYLW\ ,WVXVH LVHIIHFWLYHRUHYHQPRUHSURILWDEOH WR
RSHQ DQG ZLGHQ D FDYLW\ 7KHVH REVHUYDWLRQV VKRZ WKH
LQWHUHVWRID³VORZ´ILUHZKRVHDWWDFNVDUHOHVVVSHFWDFXODU
EXW SURYH HIILFLHQW WR ERUH WKH IORRU DQG WR WDFNOH WKH
IDFH 0DQDJHPHQW RI WKH RULHQWDWLRQ DQG WKH VORSH RI
WKHORJVDOVRPDNHVLWSRVVLEOHWRWDUJHWWKHDWWDFNWRWKH
OHIW RU ULJKWKDQG VLGHV RI WKH JDOOHU\ 7KHVH SULQFLSDO
SDUDPHWUHV DUH REYLRXVO\ QRW WKH RQO\ RQHV WR LQWHUYHQH
RQWKHILUHVWUHQJWK7KHYHQWLODWLRQODFNRIDLUGHFUHDVHV
WKHWHPSHUDWXUHRIFRPEXVWLRQWKHDPELHQWWHPSHUDWXUHV
EHWZHHQWKHLQWHULRUDQGWKHH[WHULRUDQGWKHPRUSKRORJ\
RI WKH URFN FRQVWLWXWH DV PDQ\ QHZ IDFWRUV ,W VHHPV
FRPSOH[ WR WHVW DOO LQIRUPDWLRQ UHFRUGHG ZLWK FODVVLF
VWDWLVWLFDO WHVWV EHFDXVH WKH LQIOXHQFLQJ SDUDPHWHUV DUH
WRRQXPHURXV6XFK D VWHS UHTXLUHV UHFRXUVH WR IDFWRULDO
DQDO\VLV RI FRUUHVSRQGHQFHV $)& WR GHWHUPLQH WKH
FKDUDFWHUV ZKRVH LPSDFW FDQ EH PHDVXUHG RQ WKH 
H[SHULPHQWV1HFHVVDU\SDUDPHWUHVDUHWKHZDWHUFRQWHQW
WKHVHFWLRQRIWKHZRRGWKHQXPEHURIORJVWKHVSHFLHV
ZHLJKW DQG PRUSKRORJ\ RI WKH ORJV WKH VXUURXQGLQJ
WHPSHUDWXUH DQG WKH WHPSHUDWXUHV RI FRPEXVWLRQ 7KLV
VWHS ZLOO EH SRVVLEOH ZKHQ DOO WKH SDUDPHWUHV FDQ EH
PHDVXUHG,QIDFWWKHWHPSHUDWXUHVRIFRPEXVWLRQDQGWKH
JUDGLHQWRIULVHLQWHPSHUDWXUHFRQVWLWXWHWKHOLQNODFNLQJ
LQ WKLVH[SHULPHQWDOVWXG\7KHTXHVWLRQKDV WRSUHFLVHO\
GHWHUPLQHIURPZKLFKWHPSHUDWXUHWKHURFNFUDFNVDQGLV
VSOLW7KLV LQIRUPDWLRQFDQ FODULI\ WKHSUREOHPRIZKLFK
ILUHWRXVH³EULJKWEXUQLQJ´RU³VORZ´ILUH'RHVKHDWKDYH
WRHPHUJHJUDGXDOO\WRGRSURIRXQGKHDWLQJRULVQHFHVVDU\
LWWKDWLWJHWVEULJKWYLROHQWO\WRFDXVHDWKHUPDOVKRFN"7R
FDUU\RXWDJRRGDWWDFN WKXVUHTXLUHVFRQWURORI WKHVWDWH
DQGPRUSKRORJ\RIWKHZRRG7KHFRQVWUDLQWVWHFKQLTXHV
DQG XUJHQW HFRQRPLF UHTXLUHPHQWV LPSO\ D ULJRURXV
PDQDJHPHQWRIWKLVUDZPDWHULDO,QWKLVGLUHFWLRQPLQLQJ
LVLPSOLFLWO\UHODWHGWRIRUHVWU\GHYHORSPHQW
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%H\RQG WD[LQRPLF GHWHUPLQDWLRQ DQWKUDFRORJLFDO VWXG\
DOORZV D VSHFLILF LQVLJKW RQ IXHO DQG LWV XVHV )URP WKLV
SRLQW RI YLHZ SUHFXUVRU\ ZRUN RQ FKDUFRDOV UHVXOWLQJ
IURP SDOHROLWKLF KHDUWKV DQG ODERUDWRU\ H[SHULPHQWV WR
UHSURGXFHWKHVDPHGHIRUPDWLRQVKLJKOLJKWHGWKHLQWHUHVW
RIDQDO\VLVRIDQDWRPLFDOPRGLILFDWLRQVRIWKHVWUXFWXUHRI
ZRRGLQWHUPVRIHFRQRP\RIWLPEHULQJV7+e5<3$5,627
  7KH DUFKDHRORJLFDO FKDUFRDOV IRXQG LQ WKH
PLQHVRI)RXUQHOSUHVHQWDQDWRPLFDOGHIRUPDWLRQVZKLFK
ZHUH REVHUYHG LQ D UHFXUULQJ ZD\ RQ WKH WUDQVYHUVH DQG
UDGLDO OHYHOV 7KH\ DUH PDLQO\ UDGLDO VOLWV RIWHQ RSHQ
FHOOXODU IXVLRQV PRUH RU OHVV SDUWLDO YLWULILFDWLRQ DQG
ORFDOLVHG WDQJHQWLDO FUDFNLQJV RQ WKH OHYHO RI WKH ULQJV
RI JURZWK :LWKLQ WKH IUDPHZRUN RI RXU DSSURDFK LW LV
SRVVLEOHWRFKHFNLI WKHVHGHIRUPDWLRQVDUHUHSURGXFWLEOH
LQDQH[SHULPHQWDOFRQWH[W7KHJRDO LV WRGHWHUPLQH WKH
FDXVHVUHVSRQVLEOHIRUWKHLUDSSHDUDQFHXQGHUWKHHIIHFWRI
FDUERQL]DWLRQLQWKLVVSHFLILFFRQWH[WWRRSHQSURVSHFWVIRU
VWXGLHVLQWHUPVRISUDFWLFH%XWDVWKHSULQFLSDOSDUDPHWUHV
RI WKH H[SHULPHQWDWLRQ DUH QRW FRPSOHWHO\ FRQWUROOHG
WKH SRVVLELOLWLHV RI LQWHUSUHWDWLRQ DUH OLPLWHG 'HVSLWH
HYHU\WKLQJ ZH FRQVLGHUHG LW QHFHVVDU\ WR DQQRXQFH RXU
SUHOLPLQDU\REVHUYDWLRQ WR FRQWLQXH WR IHHG UHIOH[LRQRQ
WKLV VXEMHFW$ VDPSOLQJ ³WHVW´ RI H[SHULPHQWDO UHVLGXDO
FRDOV ZDV FDUULHG RXW WR FRQVWLWXWH D ILUVW LQYHQWRU\ RI
UHFXUULQJDQGVLJQLILFDQWPDUNLQJV7KHDQDWRPLFDOVWXG\
ZDV FDUULHG RXW RQ  H[SHULPHQWDO FRDOV UHVXOWLQJ
IURPH[SHULPHQWV0HDVXUHPHQWVRIWKHGHIRUPDWLRQV
VOLWV DQG FUDFNV DQG WKHLU VWDWLVWLFDO FRXQWLQJ ZHUH QRW
FRQVLGHUHGWREHQHFHVVDU\EHFDXVHWKHVWXGLHGFRUSXVLV
LQFRPSOHWH7KHILUVWREVHUYDWLRQVDUHQHYHUWKHOHVVZRUWK\
RIFRPPHQWV
7KHUDGLDOVOLWV
$ OLWWOH PRUH WKDQ  RI WKH DQDO\]HG H[SHULPHQWDO
VDPSOHV SUHVHQW UDGLDO VOLWV RIWHQ RSHQ 2QH ILQGV 
RI WKH LQGLYLGXDOV SUHVHQWLQJ VXFK GHIRUPDWLRQV IRU WKH
H[SHULPHQWV FDUULHG RXW ZLWK VSUXFH DQG  RI WKH
LQGLYLGXDOV IRU WKRVH FDUULHG RXW ZLWK SLQH DQGRU ODUFK
7KH IUHTXHQF\ RI WKH VOLWV LV VLJQLILFDQW ZLWK WKH WKUHH
VSHFLHV 7KHVH VWURQJ SHUFHQWDJHV FDQQRW EH UHODWHG
WR WKH XVH RI D JUHHQ KHDUW RU ZHW ZRRG ([SHULPHQWV
FDUULHG RXW LQ ODERUDWRU\ E\ FRQWUROOLQJ WKH SDUDPHWUHV
RI FDUERQL]DWLRQ SHUIHFWO\ VKRZ WKDW LW LV QRW SRVVLEOH
WR GHWHUPLQH VWDUWLQJ IURP WKLV RQO\ FULWHULRQ WKH XVH RI
DJUHHQKHDUWRU D VHDVRQHGZRRG 7+e5<3$5,627 
 7KH DSSHDUDQFH RI VKULQNDJH FUDFNV LV WKHQ
93<DQG%$1&(/

$UFKDHRORJLFDO([SHULPHQWVLQ)LUHVHWWLQJ3URWRFRO)XHODQG$QWKUDFRORJLFDO$SSURDFK

LQWHUSUHWHG DV WKH HIIHFW RI VHYHUDO IDFWRUV FRPELQHG
GLIIHUHQW IURP RQH VSHFLHV ZLWK DQRWKHU ,QGHHG WKH
EHKDYLRXU RI ZRRG RQ ILUH GHSHQGV XSVWUHDP RI LWV
SDUWLFXODU FKDUDFWHULVWLFV DQG GRZQVWUHDP RI WKH ZKROH
RI YDULDEOHV RI FDUERQL]DWLRQ 2XU UHVXOWV WHQG WR VKRZ
IRU WKH WKUHHVSHFLHVXVHGDUHJXODULW\RI WKHRFFXUUHQFH
RIVSOLWV&RQVHTXHQWO\WKHIDFWRUVRIFDUERQL]DWLRQVHHP
VLJQLILFDQW7RYDOLGDWHWKLVDVVXPSWLRQLWLVQHFHVVDU\WR
UHFRUGWKHWHPSHUDWXUHVLQFRQWDFWZLWKWKHURFNDQGLQWKH
KHDUWKDVZHOODVWKHJUDGLHQWRIULVHLQWHPSHUDWXUH7KH
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5DWLR! ( 3LFHDDELHV $ VWDQGLQJZRRG $& VWDQGLQJZRRGODLQZRRG5DWLR! 0 /DUL[HXURSDHD 7 WRZHU &7 ODLQZRRGWRZHU5DWLR! 3 3LQXVV\OYHVWULV & ODLQZRRG5DWLR 7( WRZHUVFUHHQ
3XUJH 5RFNH[WUDF 5DWLR:RRGEXUQHG &KDUFRDO FKZRRG ILUHVHWWLQJ:RRGVWDFNLQJ$YHUDJH 6HFW 6WDQGHYLDWLRQ /RJV 7\SH 6SHFLHVRIZRRG
)LJXUH*HQHUDOWDEOHRIPHDVXUHPHQWVWDNHQGXULQJWKH¿UHVHWWLQJH[SHULPHQWV
93<DQG%$1&(/
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$UFKDHRORJLFDO([SHULPHQWVLQ)LUHVHWWLQJ3URWRFRO)XHODQG$QWKUDFRORJLFDO$SSURDFK

REVHUYDWLRQV FDUULHG RXW E\ RWKHU DXWKRUV VKRZ WKDW WKH
WHPSHUDWXUHVFDQHDVLO\JRXSXSWRDQGGHJUHHV
LQFRQWH[WRIILUHVHWWLQJ7KHH[SHULPHQWVXQGHUWDNHQLQ
WKH ODERUDWRU\ E\ , 7KpU\3DULVRW ZHUH OLPLWHG WR 
GHJUHHV ,W LV WKXVQRWH[FOXGHG WKDWKLJKHU WHPSHUDWXUHV
DVVRFLDWHG ZLWK D FRQILQHG DWPRVSKHUH DUH DW WKH RULJLQ
RI WKHSKHQRPHQRQ7KHVHUHPDUNVSURSRVHWKHQHHGIRU
SDUDOOHOV WR VWXG\LQJ WKH DSSHDUDQFHRI WKHGHIRUPDWLRQV
ZLWKLQ WKH IUDPHZRUN RI DUFKDHRORJLFDO H[SHULPHQWDO
DQDO\VHVFDUULHGRXWLQODERUDWRU\
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)LJXUH&RPSDUDWLYHFKDUWRIS\UHZHLJKWQXPEHURIORJVDQGUDWLRIRUWKHH[SHULPHQWV
93<DQG%$1&(/
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$UFKDHRORJLFDO([SHULPHQWVLQ)LUHVHWWLQJ3URWRFRO)XHODQG$QWKUDFRORJLFDO$SSURDFK

9LWUL¿FDWLRQ
9LWULILFDWLRQ LV WKH VHFRQG GHIRUPDWLRQ REVHUYHG LQ
D UHFXUULQJ ZD\ LQ WKH H[SHULPHQWDO VDPSOHV 7KLV
SKHQRPHQRQ UHJXODUO\ DQQRXQFHG E\ DQWKUDFRORJLVWV
LV RIWHQ DVVRFLDWHG ZLWK DUWLVDQDO FRQWH[WV OLNH UHVLGXDO
GHSRVLWVRIFKDUFRDOVRUWKHKHDUWKVRIIXUQDFHVRISRWWHUV
UHGXFLQJ FRRNLQJ 6RPH VHH WKH UHVXOW RI D WKHUPDO
VKRFN WKHUH ZDWHU VSULQNOLQJ IRU H[DPSOH RWKHUV
GHWHUPLQHWKHPDUNVRIWKHFDUERQL]DWLRQRIDJUHHQKHDUW
RU ZHW ZRRG 7R LQFOXGHXQGHUVWDQG WKH RULJLQ RI WKLV
SKHQRPHQRQ WKXV FRQVWLWXWHV D NH\ RI LQWHUSUHWDWLRQ WR
FKDUDFWHULVH VWDJHV RI WKH RSHUDWLRQDO FKDLQ RI IXHO DQG
NQRZKRZ RI ILUH 7KLV GHWHULRUDWLRQ LV FDXVHG E\ WKH
IXVLRQDQGKRPRJHQLVDWLRQRI WKHDQDWRPLFDOVWUXFWXUHV
RI ZRRG ZKLFK OHDG VRPHWLPHV WR WKH GLVDSSHDUDQFH
RI FHUWDLQ FULWHULD RI GHWHUPLQDWLRQ 7KH VHHQ VDPSOHV
KDYHDYLWUHRXVDVSHFW VKLQLQJDQGDJOREXODUVWUXFWXUH
YHU\FKDUDFWHULVWLFEXWWKLVOHYHORIGHJUDGDWLRQUHPDLQV
VSHFLILF $QDO\]HG H[SHULPHQWDO FKDUFRDOV FRQWDLQ D
KLJKSHUFHQWDJHRISDUWLDOO\YLWULILHGIUDJPHQWV,QGHHG
PRUH RU OHVV DGYDQFHG VWDJHV ZHUH GLVWLQJXLVKHG )RU
D SRUWLRQ RI WKHP WKH ZRRG\ FHOOV SUHVHQW D VOLJKWO\
YLWUHRXV DVSHFW SHUFHSWLEOH RXW RI UDGLDO FXW 2WKHUV
PRUHGLIILFXOW WR EUHDNPDQXDOO\ SUHVHQW D WRWDO IXVLRQ
RI WKH DQDWRPLFDO HOHPHQWV SURGXFLQJ D VODJ DVSHFW
ZKLFK VHOGRP UHDFKHV DOO WKH PDVV RI WKH VDPSOH 7KH
PRVW GHWHULRUDWHG VDPSOHV FRPH IURP ZRRG ZKLFK KDG
HYDFXDWHG D IOXLG VXEVWDQFH DW WKH WLPH RI WKH SKDVHV
RI GU\LQJ DQG GHK\GUDWLRQ EHFRPH EODFNLVK ZLWK WKH
RXWEXUVWRIWKHFDUERQGLR[LGH,WLVSUREDEO\WRGRZLWK
WKH FRPEXVWLRQ RI WKH UHVLQ ZKLFK IRUPV VRPHWLPHV
VLJQLILFDQW SRFNHWV LQ ZRRG\ ILEUHV 7KH FRQLIHURXV
WUHHVDUHJRUJHGZLWKLWLQVSULQJDQGLQVXPPHU5DLVHG
DW KLJK WHPSHUDWXUH WKH\ FRXOG KDYH DQ LPSDFW RQ WKH
VWDWHRIWKHFKDUFRDOV,QWKLVFDVHLIWKHVHGHIRUPDWLRQV
DUH JHQHUDWHG E\ DEXQGDQW UHVLQ WKHLU GHWHUPLQDWLRQ
FRXOGRIIHULQGLFDWLRQVRYHUWKHVHDVRQRIFXWWLQJ,WWKXV
UHOHDVHVDWUXHDUFKDHRORJLFDOSRWHQWLDOIURPWKLVW\SHRI
DSSURDFK LQ SDUWLFXODU ZLWK UHJDUG WR WKH ³VLJQDWXUHV´
RIWKHSUDFWLFHVRIVXSSO\ZRRGDQGFXWWLQJWRILUH7KH
H[SHULPHQWVVKRZYHU\FOHDUO\WKDWWKHVSHFLILFPHWKRGV
RI WKLV WHFKQLTXH JHQHUDWH QRWRULRXV SKHQRPHQD RQ WKH
OHYHORIWKHDQDWRP\RIZRRG+RZHYHUWKHFRQWURORIDOO
WKH SDUDPHWUHV ZKLFK LQIOXHQFH WKH EHKDYLRXU RI ZRRG
WR ILUH DQG WKH RXWSXW UHTXLUHV D FRQVLGHUDEOH PDWHULDO
LQYHVWPHQWWKHUPDOSUREHVDQGDQDO\VHURILPDJHV
3URVSHFWVFURVVHGJODQFHVZLWKDUFKDHRORJ\
,QFRQWLQXLW\ZLWK WKLV VWXG\ LV WKHTXHVWLRQRIZHDYLQJ
ERQGV EHWZHHQ H[SHULPHQWDWLRQ JURXQGZRUN DQG
DQWKUDFRORJLF DQDO\VLV 7KH PLQH FRQVWLWXWHV DQ RULJLQDO
DUFKDHRORJLFDO IUDPHZRUN ZKLFK LPSRVHV DGDSWHG
PHWKRGV ,W LV LQ SDUWLFXODU D TXHVWLRQ RI VSHFLI\LQJ
SRWHQWLDOSURGXFWLRQLQFKDUFRDOUHVLGXHVDQGRIHYDOXDWLQJ
WKHLU OHYHO RI UHSUHVHQWDWLYLW\ LQ WHUPV RI SURYLVLRQ
WHUULWRU\ DQG SUDFWLFHV $ UHFRUGLQJ RI WKH TXDQWLWLHV
SURGXFHGIRUHDFKILUHZDVFDUULHGRXWIRUJUDLQDJHKLJKHU
WKDQPPPPDQG ORZHU WKDQPP ,W DSSHDUV
YHU\ FOHDUO\ WKDW SLQH DQG ODUFK SURGXFH PRUH UHVLGXHV
WKDQVSUXFH7KHTXDQWLW\RIFKDUFRDOVREWDLQHGGRHVQRW
GHSHQGRQWKHTXDQWLW\RIZRRGSXWRQWKHS\UHEXWRQWKH
W\SH 2QH VKRXOG QRW KRZHYHU QRW ORVH VLJKW RI WKH IDFW
WKDWWKHKXPLGLW\IDFWRUZKLFKFDQH[SORLWDFRQVLGHUDEOH
UROH WKH UHGXFWLRQRIPDVV DQG WKHQXPEHURI IUDJPHQWV
/25($8 $ WHVW RI ;ð VKRZV WKDW WKH GLVWULEXWLRQ
RI WKH FKDUDFWHUV ³TXDQWLW\ RI ZRRG´ DQG ³SURGXFWLRQ
RI FKDUFRDO´ GLIIHUV LQ D KLJKO\ VLJQLILFDQW ZD\ ZLWK D
SUREDELOLW\KLJKHU WKDQ ,Q WKH VDPHZD\ WKH ILQH
IUDFWLRQV LQFUHDVH WRDVLJQLILFDQWGHJUHHZLWK WKHXVHRI
SLQH DQG ODUFK 7KHUH LV WKXV D GLIIHUHQWLDO SURGXFWLRQ
RI UHVLGXHV ZKLFK GHSHQGV SDUWO\ RQ WKH VSHFLHV 7KH
FRQGLWLRQV RI FRPEXVWLRQ LQIOXHQFH LQ D PRUH RU OHVV
LPSOLFLWZD\ WKHSURGXFWLRQRI FKDUFRDOV LQSDUWLFXODU LQ
WKHFDVHRI³EURRGLQJ´ILUH7KHTXHVWLRQRIPRUHSUHFLVHO\
GHILQLQJ WKLV UHPDUNZLOOGHSHQGRQIDFWRULDODQDO\VLVRI
WKHFRUUHVSRQGHQFHV
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7KLVFRQWULEXWLRQHVWDEOLVKHVWKHEDVHVRIDQH[SHULPHQWDO
SURWRFRO RI WKH VL]H WR ILUH DQG HVWDEOLVKHV SRWHQWLDO
ZRUN GLUHFWLRQV ,QGHHG WKLV WHFKQLTXH SURYHV PXFK
PRUH FRPSOH[ WKDQ WKH LFRQRJUDSK\ DQG WKH WH[WV
PDNH LW DSSHDU $FFHVV WR NQRZKRZ DQG SUDFWLFH E\
H[SHULPHQWDWLRQDZDNHQVD WUXH³NQRZOHGJHRIEXUQLQJ´
DQG ³NQRZOHGHJH RI PDQDJPHQW´ RI IXHO ZKLFK WRGD\
LV FRPSOHWHO\ ³GLOXWHG´ DQG VNHZHG E\ XVHV RI ILUH IRU
SOHDVXUH DQG DXWKHQWLFLW\ $GPLWWHGO\ DUFKDHRORJLFDO
H[SHULPHQWDWLRQ FRQVWLWXWHV D ZRUNLQJ WRRO ZKLFK LV
VWLOO LPSHUIHFWO\ FRQWUROOHG DQG DOZD\V XVHG DGYLVHGO\
1HYHUWKHOHVVUHSHWLWLRQRIWKHSURWRFROVFLHQWLILFIROORZ
XSRIILUHVDQGPXOWLSOLFDWLRQRIWHVWVWRVROYHWKHYDULRXV
WHFKQLFDO GLIILFXOWLHV PDNH LW SRVVLEOH WR DYRLG WKH
VXEMHFWLYHFKDUDFWHUZKLFKLVRIWHQFKDUJHGWRLW*HVWXUHV
DQG VNLOOV DUH DFTXLUHG JUDGXDOO\ DQG KLJKOLJKW D ORQJ
RSHUDWLRQDOFKDLQZKLFKVWDUWVZLWK WKHSURYLVLRQRI IXHO
DQG LWV VWRUDJH WKHQFRQWLQXHVZLWKFKRLFHRIZRRGDQG
LWVSUHSDUDWLRQEULQJLQJLQWRWKHPLQHFRQVWUXFWLRQRIWKH
S\UH DQG LWV OLJKWLQJ DQG ILQLVKHV ZLWK WUHDWPHQW RI WKH
SURGXFWV SXUJLQJ VRUWLQJ DQG VWRUDJH RI UHVLGXHV 7KH
PLQHUDOOXUJLFRSHUDWLRQDOFKDLQWKHQWDNHVRYHU$QDO\VLV
RIWKHSURGXFWVRIH[SHULPHQWDOIUDJPHQWDWLRQFRPSDUHG
ZLWK WKDW RI WKH DUFKDHRORJLFDO VWHULOHV LQ SDUWLFXODU
KLJKOLJKWV WKH FRPSOH[LW\ RI XQGHUJURXQG SURFHGXUH
$1&(/ (7 $/ ,1 35(66 7KH RXWSXWV REWDLQHG SUREDEO\
TXLWH SRRU WDNLQJ LQWR FRQVLGHUDWLRQ WKRVH ZKLFK ZHUH
UHDFKHGE\H[SHULHQFHGPLQRUVDUHXVHIXOLQWKHUHIOHFWLRQ
RYHUZRUNLQJWLPHFRQVLGHUDEOHIRUWKHFRPSUHKHQVLRQRI
RSHUDWLRQDOG\QDPLFVDQGH[SORLWDWLRQVWUDWHJLHVDQGDOVR
IRUWKHSRWHQWLDOLPSDFWRQIRUHVWG\QDPLFV
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$UFKDHRORJLFDO([SHULPHQWVLQ)LUHVHWWLQJ3URWRFRO)XHODQG$QWKUDFRORJLFDO$SSURDFK
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7KHDXWKRUVPDNHDSRLQWRIDGGUHVVLQJYHU\SDUWLFXODUWKDQNVWR0U,DQ&RZEXUQZKRWRRNFDUHRIWKHWLUHVRPHWUDQVODWLRQZRUNDQG
0U$QGUHDV+DUWPDQQ9LUQLFKIRUWKHWUDQVODWLRQRIWKH*HUPDQVXPPDU\
7KLVVWXG\FRQWLQXHVZLWKLQWKHIUDPHZRUNRISURJUDPPHGDUFKDHRORJLFDOH[FDYDWLRQVGLUHFWHGE\0U%UXQR$QFHODQGLVSDUWRID
SOXULGLVFLSOLQDU\FRRSHUDWLRQRUJDQLVHGDURXQGWKH-RLQW$FWLRQ7RNQRZKRZWREXUQWRNQRZKRZWRPDQDJHIXHOVXSSO\LQWKH
VRXWKHUQSRWWLQJDQGPLQLQJDUHDVWKWKFFRRUGLQDWHGE\0UV$OLQH'XUDQG
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$1&(/%/HVPLQHVG¶DUJHQWGX)RXUQHO/¶$UJHQWLqUH
/D%HVVpH +DXWHV$OSHV 5pJLRQ 3$&$ )RXLOOHV
SURJUDPPpHV  'RFXPHQW )LQDO GH 6\QWKqVH
/¶$UJHQWLqUHOD%HVVpH&&67,
$1&(/ % 0$5&211(7 &  /HV PLQHV G¶DUJHQW GX
)RXUQHO /¶$UJHQWLqUH/D%HVVpH +DXWHV$OSHV 5pJLRQ
3$&$ )RXLOOHV SURJUDPPpHV  'RFXPHQW ¿QDO
GHV\QWKqVH/¶$UJHQWLqUHOD%HVVpH&&67,
$1&(/%3<90$5&211(7&,135(66'HO¶XVDJHPLQLHU
GX IHX j O¶LQWHUIDFH KRPPH HW HQYLURQQHPHQW 6RXUFHV
HW H[SpULPHQWDWLRQV &DKLHU G¶+LVWRLUH GHV 7HFKQLTXHV
3XEOLFDWLRQVGHO¶8QLYHUVLWpGH3URYHQFH
%(5* %,  /HV WHFKQLTXHV G¶DEDWWDJH j .RQJVEHUJ
1RUYqJH GX ;9,,H DX ;,;H VLqFOH SRLQWHUROOH WUDYDLO
DX IHX HW WLU j OD SRXGUH LQ /HV WHFKQLTXHV PLQLqUHV GH
O¶$QWLTXLWpDX;9,,,HVLqFOH$FWHVGXFROORTXHLQWHUQDWLRQDO
VXUOHVUHVVRXUFHVPLQLqUHVHWO¶KLVWRLUHGHOHXUH[SORLWDWLRQ
GH O¶$QWLTXLWp j OD ¿Q GX ;9,,,H VLqFOH 6WUDVERXUJ DYULO
3DULV(GLWLRQVGX&7+6
&$67(//(77, / &$67,*/,21( (  5HVWL OLJQHL GHO ;,,
;,,, VHFROR GDOOD PLQLHUD ³9,,, 6IHUD ´ LQ 0LODQR H OD
/RPEDUGLDLQpWDFRPXQDOHVHFROL;,;,,,0LODQR3DOD]]R
5HDOHDSULOH6LOYDQDOXJOLR
&2//,16 $ /  )LUHVLWWLQJ WKH DUW RI PLQLQJ E\ ¿UH
-RXUQDORI)HGHUDWH,QVWLWXWHRIPLQLQJHQJLQHHUV9
&5(:3)LUHVLWWLQJH[SHULPHQWDW5KLZ*RFKLQ
3&UHZDQG6&UHZHGV(DUO\0LQLQJLQWKH%ULWLVK,VOHV
3URFHHGLQJV RI WKH (DUO\ 0LQLQJ :RUNVKRS 3ODV 7DQ \
%ZOFK6QRZGRQLD1RYHPEHU3ODV7DQ\%ZOFK
2FFDVLRQDO3DSHU
'$8%5e($(PSORLGHODFKDOHXUHWGHODGpFUpSLWDWLRQ
TX¶HOOHSHXWSURGXLUHSRXUOHSHUFHPHQWGHFHUWDLQHVURFKHV
WUqVGXUHVHWQRWDPPHQWGHVTXDUW]LWHV$QQDOHVGHVPLQHV
qPHVpULH;,;0pPRLUHV
'8%2,6&/¶RXYHUWXUHSDUOHIHXGDQVOHVPLQHVKLVWRLUH
DUFKpRORJLHHWH[SpULPHQWDWLRQ5HYXHG¶$UFKpRPpWULH

+2/0$1 % :  +HDWWUHDWPHQW DV D $JHQW LQ 5RFN
EUHDNLQJ 7UDQVDFWLRQV RI WKH ,QVWLWXWH RI 0LQLQJ 0HWDOV

/(:,6$)LUHVHWWLQJH[SHULPHQWVRQWKH*UHDW2UPH
 LQ3&UHZDQG6&UHZ HGV(DUO\0LQLQJ LQ WKH
%ULWLVK ,VOHV 3URFHHGLQJV RI WKH (DUO\ 0LQLQJ :RUNVKRS
3ODV7DQ\%ZOFK6QRZGRQLD1RYHPEHU3ODV
7DQ\%ZOFK2FFDVLRQDO3DSHU
/25($8 3  'X ERLV DX FKDUERQ GH ERLV DSSURFKH
H[SpULPHQWDOH GH OD FRPEXVWLRQ '($ 8QLYHUVLWp GH
0RQWSHOOLHU,,S
0$*186 2/$86  +LVWRULD GH JHQWLEXV VHSWHQWULRQDOLEXV«
$QWZHUS(GLWLRQV&KULVWRSKH3ODQWLQ
6,021,1/'H O¶DQFLHQQH ORLGHVPLQHVGH OD5pSXEOLTXH
LWDOLHQQH GH 0DVVD0DULWWLPD 7RVFDQH $QQDOHV GHV 0LQHV
qPHVpULH;93DUWLHDGPLQLVWUDWLYH
7(5(<*(2/)/HVPLQHVGH0HOOH'HX[6qYUHV8QH
H[SpULPHQWDWLRQ G¶DWWDTXH DX IHX LQ VLWX LQ /¶LQQRYDWLRQ
WHFKQLTXHDX0R\HQ$JH$FWHVGX9,HFRQJUqVLQWHUQDWLRQDO
G¶DUFKpRORJLH PpGLpYDOH 'LMRQ 0RQW%HXYUD\ &KHQ{YH
/H &UHXVRW 0RQWEDUG  RFWREUH  3DULV (GLWLRQV
(UUDQFH
7+e5<3$5,627 ,  (FRQRPLH GX FRPEXVWLEOH HW
SDOpRpFRORJLH HQ FRQWH[WH JODFLDLUH HW SpULJODFLDLUH
3DOpROLWKLTXH PR\HQ HW VXSpULHXU GX 6XG GH OD )UDQFH
$QWKUDFRORJLH H[SpULPHQWDWLRQ HW WDSKRQRPLH 'RFWRUDW
8QLYHUVLWpGH3DULV,S
:RRG ZDV D SDUDPRXQW HQHUJ\ VRXUFH RI ZKLFK LW LV
QHFHVVDU\WRXQGHUVWDQGWKHFRQWH[W3HUIHFWNQRZOHGJHRI
LWVSURSHUWLHVDQGPDQDJHPHQWDGDSWDWLRQWRHQYLURQPHQWDO
SRVVLELOLWLHVDQGWHFKQLFDOFRQVWUDLQWVHQDEOHLWWREHXVHG
LQDQHIIHFWLYHDQGYHU\SURILWDEOHZD\7KHH[SHULPHQWV
KLJKOLJKW IDFWRUV LQGHSHQGHQW RI WKH VSHFLHV YDOLGDWLQJ
D SDOHRHFRORJLF DSSURDFK WR WKH UHVLGXHV RI PLQLQJ
DFWLYLW\,WKHOSVWRUHFRQVWUXFWWKHHYROXWLRQRIDPHGLHYDO
LQGXVWULDO ODQGVFDSH &RQFHUQLQJ IRUHVWV DUFKDHRORJLFDO
FKDUFRDOVWUXO\FRQVWLWXWHWKHRQO\VRXUFHRILQIRUPDWLRQ
7KH H[SHULPHQWDWLRQ FODULILHV RXU SHUFHSWLRQ RI WKH
ODQGVFDSH DQG DOORZ UHIOHFWLRQ RQ WKH UHOHYDQFH RI WKH
DUFKDHRORJLFDOFKDUFRDOGHSRVLWVDQGWKHLUUHSUHVHQWDWLYLW\
LQ WHUPV RI WHUULWRU\ RI SURYLVLRQ 0RUHRYHU LW VWUHVVHV
SUDFWLFHV ERWK RI WKH RSHUDWLRQDO IXHO FKDLQ WKDQNV WR
DQDO\VLV RI WKH SKHQRPHQD RI FRPEXVWLRQ DQG RI WKH
RULJLQRI DQDWRPLFDOGHIRUPDWLRQDQGGHWHULRUDWLRQ7KLV
UHVHDUFKRULHQWDWLRQWRRRIWHQQHJOHFWHGKDVWKHPHULWRI
RIIHULQJJUHDWSURVSHFWVWRDUFKDHRORJLFDODQWKUDFRORJ\

7+e5<3$5,627 ,  (FRQRPLH GHV FRPEXVWLEOHV DX
3DOpROLWKLTXH([SpULPHQWDWLRQWDSKRQRPLHDQWKUDFRORJLH
3DULV (GLWLRQV &156  &(3$0 S 'RVVLHU GH
'RFXPHQWDWLRQ$UFKpRORJLTXH
7,0%(5/$.(6D5HYLHZRIWKHKLVWRULFDOHYLGHQFHIRU
WKHXVHRI¿UHVHWWLQJLQ3&UHZDQG6&UHZHGV(DUO\
0LQLQJLQWKH%ULWLVK,VOHV3URFHHGLQJVRIWKH(DUO\0LQLQJ
:RUNVKRS3ODV7DQ\%ZOFK6QRZGRQLD1RYHPEHU
3ODV7DQ\%ZOFK2FFDVLRQDO3DSHU
7,0%(5/$.( 6 E )LUHVHWWLQJ DQG SULPLWLYH PLQLQJ
H[SHULPHQW&ZP\VWZ\WK  LQ3&UHZDQG6&UHZ
HGV(DUO\0LQLQJLQWKH%ULWLVK,VOHV3URFHHGLQJVRIWKH
(DUO\0LQLQJ:RUNVKRS3ODV7DQ\%ZOFK6QRZGRQLD
1RYHPEHU3ODV7DQ\%ZOFK2FFDVLRQDO3DSHU

:,//,(6/)LUHVHWWLQJWHFKQRORJ\%XOOHWLQRIWKH3HDN
'LVWULFW0LQHV+LVWRULFDO6RFLHW\
